Background: Pretreatment HIV drug resistance (PDR) has the potential to affect treatment outcome and mortality. We present here the first nationally representative PDR study conducted in Cameroon.
Introduction
HIV drug resistance (HIVDR) can significantly compromise ART outcome. Investigating HIVDR is essential to identify the most effective antiretroviral (ARV) regimens for patients initiating first-line ART and for those changing regimen after ART failure. Understanding HIVDR is also useful to select optimal options for preventing mother-to-child transmission of HIV (PMTCT) and for adequate definition of pre-and post-exposure prophylaxis. Significant attention is generally paid to monitoring HIVDR emergence during ART, but pretreatment HIVDR (PDR) also represents a significant threat, potentially decreasing first-line regimen efficacy and increasing mortality. [1] [2] [3] In many resource-rich countries, guidelines therefore recommend baseline genotypic testing prior to ART initiation to guide the choice of the first-line regimens. In resource-limited countries, mostly in sub-Saharan Africa (SSA), similar guidelines are currently not in place because of financial and operational constraints. In these countries, strategies to expand access to ART rely on standard first-line regimens and not individualized regimens as in developed countries. 4 The WHO initially recommended periodical assessment of the transmission of HIVDR (TDR) in recently infected individuals in order to generate strategic information for policymaking and guidance, aiming to minimize the impact of PDR on the efficacy of firstline ARVs in countries scaling up ART. 5 Between 2006 and 2010, in African countries adopting the strategy, the majority of results indicated low (5%) to moderate (5%-15%) levels of TDR, but a few urban sites had begun to show a significant increase. [6] [7] [8] [9] [10] Monitoring TDR was relevant, but hard to implement in the majority of sub-Saharan countries owing to difficulties in reaching target populations of newly HIV-infected individuals, therefore making regular implementation almost impossible. 6 Since 2014, the WHO has recommended a new methodology to monitor HIVDR in populations initiating ART. 11 This new approach aims to assess HIVDR just before ART initiation and is called PDR. With this information, national ART programmes may anticipate first-line ART efficacy and develop adequate treatment policies. In addition, contrary to previous recommendations to conduct studies in selected cities, which were generally major cities where the first ART programmes were implemented, 5 the new approach strongly recommended nationally representative studies.
In this study, we conducted a nationally representative assessment of PDR in ART initiators in Cameroon.
Methods

Study sites and participants
This was a cross-sectional study, initiated in Cameroon in February 2015 and the methodology was adapted from the 2014 WHO concept note to estimate HIV PDR.
11 Twenty-nine ART clinics (19 urban clinics, with one clinic sampled twice, and 10 rural clinics) were sampled using the probability proportional to proxy size (PPPS) approach with urban/rural stratification, from a countrywide listing of all 154 clinics providing ART. The respective number of patients on ART at the end of 2014 in each clinic was provided to estimate clinic size. In PPPS sampling, clinics are sampled proportionally to the total number of patients on ART in each clinic. Thus, clinics with a larger number of patients on ART are more likely to be sampled than smaller clinics. 11 The required sample size (n " 300, 32 participants per clinic) was calculated to obtain an estimate of drug resistance with a CI of +5%, assuming a drug resistance prevalence of 10% and genotyping failure rate of 10%. To minimize the loss of effectiveness due to anticipated intraclass correlation, we assumed an intraclass correlation of 0.01 and the design effect due to imperfect weighting information was set to 1.5.
11
Participants were recruited if they were HIV-1 positive, aged 18 years, initiating ART irrespective of their prior exposure to ARVs and provided written informed consent. Minimal sociodemographic and clinical data on participant age, gender, planned ART regimen and prior exposure to ARVs were collected using a questionnaire.
Laboratory methods
For each eligible study participant, 5 mL of whole blood was collected using EDTA tubes. Freshly collected whole blood was used to prepare dried blood spots (DBSs) according to previously published standards. 12 Briefly, 50 lL of whole blood was spotted onto each of the five circles of a 903 Whatman filter paper and dried at ambient temperature for 3 h. Three DBS cards were prepared for each participant and individually packed into zipper-closure plastic bags containing two silica desiccants. Bagged DBSs were then stored at room temperature, in air-free plastic boxes in the ART clinics for a maximum of two weeks before shipment to the reference national HIVDR genotyping laboratory. Upon arrival at the genotyping laboratory, DBSs were stored between #20 C and#30 C until use for HIV-1 drug resistance genotyping.
Viral RNA was extracted from DBSs using the Abbott m2000rt RealTime HIV-1 kit according to manufacturer recommendations (Abbott Park, IL, USA). Briefly, two punched out DBS spots were incubated in 1.7 mL of m2000rt lysis buffer for 30 min under constant shaking. The recovered eluate was transferred into 2 mL collection tubes and centrifuged for 10 min at 2000 rpm to eliminate paper particles. Once cleared, the eluate was used for RNA extraction. The purified nucleic acids were then used for HIV-1 drug resistance genotyping using an in-house protocol optimized for DBS testing. The viral protease (PR) and reverse transcriptase (RT) regions were separately amplified, as previously published. 12 A one-step RT-PCR was performed with primers PR2 (5 0 -CCTAGRAAAARGGGCTGTTGGAAATGT-3 0 , forward) and TR2as (5 0 -AATYTGACTTGCCCARTTTARTTTTCC-3 0 , reverse). Separate nested PCRs were performed in the PR region (amino acids 1-99) using PR3 (5 0 -GARGGACAYCAAATGAAAGAYTGYAC-3 0 ) and PR3as (5 0 -GCC ATTGTTTAACYTTTGGDCCATCCATT-3 0 ), and in the RT region (amino acids 1-260) with TR3 (5 0 -TGATAGGRGGAATTGGAGGTTTTATCAA-3 0 ) and TR3as (5 0 -CTAAYTTYTGTATRTCATTGACAGTCCA-3 0 ). RT-PCRs were carried out with 10-15 lL of RNA extracts using the QIAGEN OneStep RT-PCR kit (QIAGEN, Courtaboeuf, France). Five microlitres of the RT-PCR product were used for nested PCRs using the HotStartTaq master mix kit (QIAGEN). PCR products were purified and directly sequenced using the BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Carlsbad, CA). HIV-1 subtyping was generated with MEGA 6 (https://www.megasoftware.net/). 13 Relevant drug resistance mutations (DRMs) in PR and RT were identified using the Stanford interpretation algorithms (https://hivdb.stanford.edu/). Sequences classified as susceptible and potential low-level resistant were considered to have no drug resistance.
Statistical analysis
The outcomes generated included: (i) the overall PDR among all ART initiators; (ii) HIVDR among treatment initiators without prior ARV exposure; and (iii) HIVDR among individuals initiating NNRTI-based ART with prior ARV exposure. Prevalence of each outcome was calculated as a ratio, where the denominator was an estimate of the number of eligible individuals in the country during the survey period and the numerator was an estimate of such individuals with the outcome of interest. Proportions and means were estimated using 'svy' Stata commands (Stata 14, StataCorp, College Station, TX, USA) to take into account the stratified two-stage cluster design. Intraclass correlation, i.e. the proportion of an outcome's total variance that is shared within clinics, was estimated for PDR prevalence outcome using analysis of variance. Sampling weights accounting for probability of selection at each stage (clinic, patient) and non-response were defined for all outcomes. A finite population correction was applied. Ninetyfive percent CIs were calculated using a logit transformation.
Sequence accession numbers
The newly reported PR and RT sequences are available in GenBank under the following accession numbers: MF797286 to MF797622.
Ethics
All study participants provided written informed consent and anonymous identifiers were used to avoid any identification of the participants by the research team. The study protocol was approved by the Cameroon National Ethics Committee for Health Research (Yaoundé, Cameroon). This project was reviewed according to the CDC human research protection procedures and was determined to be research but the CDC was not engaged.
Results
Participant characteristics
Three hundred and eighty-two participants were recruited in 24 clinics out of 29. Five clinics, located in the northern region, were excluded owing to Boko Haram attacks and the related security issues and additional patients were recruited in the remaining 24 clinics; 379 participants were ultimately considered for the assessment after 3 were excluded because they did not meet eligibility criteria. Two-thirds (n " 249) of the study participants were from urban clinics and the remaining one-third (n " 130) were from rural clinics. The mean age of the study participants was 37.4 (95% CI 36.2-38.7) years; women represented the predominant population (67.7%; 95% CI 61.4%-73.5%). ARV regimens planned for ART Pretreatment HIV drug resistance in Cameroon JAC initiation were primarily tenofovir ! lamivudine ! efavirenz/nevirapine (86.1%; 95% CI 75.1%-92.7%) and zidovudine ! lamivudine ! efavirenz/nevirapine (13.7%; 95% CI 7.1%-24.7%) ( Table 1) . Two hundred and sixty (78.3%; 95% CI 69.0%-85.4%) patients were ARV naive, 42 (10.5%; 95% CI 6.2%-17.2%) declared prior exposure to ARVs and 77 (11.2%; 95% CI 5.6%-21.3%) had unknown status regarding prior exposure to ARVs. Amongst those exposed to ARVs, 23 (64.6%; 95% CI 34.0%-86.6%) were exposed through PMTCT intervention and 18 (33.7%; 95% CI 13.0%-63.3%) were exposed through ART. The mean time delay between DBS collection in the clinics and their shipment and storage at #20
C to #30 C in the central laboratory was 10 days overall, 8 days for urban sites and 13 days for rural sites ( Table 1) .
Prevalence of PDR
Three hundred and twenty-one viral sequences representing 85% (321/379) of all samples tested were successfully genotyped and interpreted. HIV subtypes identified included CRF02_AG (56%), CRF36_cpx (9%), CRF22_01A1 (8%), A1 (5%), CRF11_cpx (4%), F2 (4%), CRF37_cpx (3%), CRF43_02G (3%), D (2%), H (1%) CRF18_cpx (1%), CRF14_BG (1%) and other subtypes (2%).
Overall, PDR prevalence among all initiators was 10.4% (95% CI 5.4%-19.1%) for any DRM. The estimated intraclass correlation, providing an indication of the similarity of participants within the sites for the PDR prevalence outcome, was 0.11 (95% CI 0.02-0.21). PI DRMs represented 0.3% (95% CI 0.1%-1.5%), NRTI DRMs represented 2.4% (95% CI 0.4%-12.9%) and NNRTI DRMs represented 10.0% (95% CI 5.1%-18.8%). In urban clinics, PDR prevalence was 14.2% (95% CI 6.6%-27.9%) overall, 0.5% (95% CI 0.1%-2.6%) for PI DRMs, 3.9% (95% CI 0.6%-20.9%) for NRTI DRMs and 13.7% (95% CI 6.2%-27.5%) for NNRTI DRMs (Table 2) . In rural regions, the PDR frequency was 4.3% (95% CI 1.2%-14.3%) and included NNRTI DRMs only. Amongst ART initiators with no prior exposure to ARVs, PDR frequency was 10.4% (95% CI 4.7%-21.5%) overall. PI DRMs represented 0.3% (95% CI 0.0%-2.1%), NRTI DRMs represented 2.8% (95% CI 0.4%-16.3%) and NNRTI DRMs represented 10.1% (95% CI 4.4%-21.3%). In urban clinics, the frequency of PDR amongst initiators with no prior exposure to ARVs was 13.5% (95% CI 5.1%-31.5%) for any DRM; 0.5% (95% CI 0.1%-3.7%) were PI DRMs, 4.6% (95% CI 0.7%-26.2%) were NRTI DRMs and 13.1% (95% CI 4.7%-31.2%) were NNRTI DRMs. In rural clinics, PDR prevalence in initiators with no prior exposure was 5.3% (95% CI 1.4%-17.5%) and all DRMs were associated with NNRTIs. In ART initiators with history of prior exposure to ARVs, the PDR frequency was 14.7% (95% CI 4.6%-38.2%) for any DRM. PI DRMs represented 1.1% (95% CI 0.1%-8.8%), NRTI DRMs represented 1.6% (95% CI 0.2%-9.9%) and NNRTI DRMs represented 13.6% (95% CI 3.9%-37.9%). Sequences carrying DRMs in this group were from urban clinics only (Table 2 ).
DRMs and baseline susceptibility
Mutations associated with resistance to PIs included L33F (0.7%), M46IV (0.3%), I47R (0.2%) and L90M (0.2%). Mutations associated with resistance to NRTIs were D67N (1.1%), M184V (1.2%), T215FV (2.3%) and K219Q (1.1%). For NNRTI drugs, DRMs identified included K103N (4.7%), V108I (1.3%), E138AGK (3.7%), V179ADET (1.8%), Y181C (1.9%) and G190A (0.7%). Tchouwa et al.
Results generated with the Stanford algorithm showed effects of identified DRMs on susceptibility to all NRTIs, for which 1.2%-2.3% of viruses were predicted to have some resistance. The highest effects were observed for zidovudine, didanosine and stavudine (2.3%), followed by lamivudine, emtricitabine and abacavir (1.3%) (Figure 1a) . For NNRTIs, 6.7% and 8.1% of viruses were predicted to be resistant to efavirenz and nevirapine, respectively, and 2.8% and 7.6% of viruses were predicted to have some resistance to etravirine and rilpivirine, respectively. Less than 1% of viruses were predicted to be resistant to any PI. Results using the Agence Nationale de Recherche sur le SIDA (ANRS) algorithm (http://www.hivfrenchresistance.org/) were similar for NRTIs (Figure 1b) . For NNRTIs, important discordance was observed for etravirine, for which the ANRS algorithm predicted 7.5% of viruses would have some resistance. In addition, significant discordances were observed also for PIs, especially for atazanavir, nelfinavir and saquinavir, for which 9.9%-29% of viruses were predicted to have some resistance (Figure 1b ). Mutations associated with this interpretation of resistance to PIs were naturally occurring polymorphisms in the PR region that included L10I/V, I15A/V, G16E, K20I/ MIR, D60E and V77I.
Discussion
In this study, we estimated that 10.4% of patients in a nationally representative sample of ART initiators in Cameroon had PDR. All previous studies conducted in the country to assess HIVDR among ART-naive individuals were not designed to provide nationally representative estimates, having focused on populations at a few or only one specific clinic in a particular city or region of the country. Also, the use of differing methodologies makes it hard to compare results from one study with those from another. A 2008 study involving 79 newly diagnosed individuals from Yaoundé reported up to 9.3% harboured viruses with resistance mutations to NRTIs and NNRTIs and 2.6% had resistance to PIs. 14 We conducted a survey in 2009 using the WHO methodology to estimate TDR among newly infected individuals and reported TDR prevalence of ,5% in Yaoundé and 5%-15% in Douala, the two major cities of the country. 6 A 2012 study of 49 ART-naive individuals in Yaoundé reported a TDR rate of 8.2%. 15 Although not standardized, these studies suggest an increase in HIVDR prevalence in the ART-naive population following ART scale-up in Cameroon. Indeed, we have shown in a study conducted amongst the ART-naive population in Yaoundé, that HIVDR prevalence increased from 0% in 1996-99 to 12.3% in 2007. 16 Because Yaoundé is the city where the first ART programmes were implemented in the country in early 2000, it is reasonable to expect a higher rate of HIVDR than in areas with a shorter history of ART. Consistent with this expectation, we found that rates of PDR in urban regions, where ART clinics were implemented around 2000, were four times higher than rates in rural areas, where ART clinics were not made fully operational until 2007-10. Thus, although PDR is currently low in rural areas of the country, in the absence of effective preventative actions this may increase rapidly. Indeed, a higher rate of HIVDR, up to 9.8%, has been already reported in rural Cameroon. 17 Outside Cameroon, published reports on national estimates of PDR using the new WHO methodology are still scarce, although several investigations are ongoing in Eastern and Southern Africa. Two similar studies recently conducted in 2016, in Mexico and Argentina, reported high levels of PDR, with overall rates of 15.5% and 14%, respectively; and 10.6% and 11% resistance to NNRTIs, respectively. 18, 19 Additional investigations in other resourcelimited countries can help support and guide decision making at the country and global levels. Pretreatment HIV drug resistance in Cameroon
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In our study, resistance to NNRTIs was most common and was found at very high rates compared with other drug classes. Mutations associated with resistance to NRTIs were found at a low rate and PI mutations were close to absent. This was particularly noticeable in rural areas where only NNRTI resistance was found, probably because of the limited use of PI regimens. Several studies assessing TDR inside and outside SSA have reported a high prevalence of NNRTI-associated resistance, generally with K103N predominating. [20] [21] [22] [23] Reasons for the high prevalence of NNRTIassociated mutations may be the previous large-scale use of nevirapine monotherapy or nevirapine tail in short-course triple ART for PMTCT in Cameroon and in many other countries, and also longterm use of nevirapine as the NNRTI backbone in first lines of ART. The ease of transmission of K103N compared with NRTI-and PIassociated PDR mutations, coupled with its tendency to persist for long periods of time could also explain its high prevalence. 24, 25 Indeed, the high rate of NNRTI-associated mutations directly affects viral susceptibility to this drug class, especially nevirapine and efavirenz, which are rendered less effective. Rilpivirine was also affected, with a high level of intermediate resistance observed, mostly due to E138AGK mutations, the second most prevalent NNRTI resistance mutations observed. E138A is a polymorphic mutation, which depending on subtype, occurs in 0.5%-5% of viruses from ARV-naive patients; 26, 27 E138G/K are non-polymorphic mutations and all these mutations at position E138 are associated with 2-to 3-fold reduced susceptibility to etravirine and/or rilpivirine. 28 These second-generation NNRTIs have not been widely used in SSA to date, but reports of their low genetic barrier to resistance in ART-experienced patients, 29 coupled with their high frequency of PDR mutations, make them less suitable for salvage therapy.
HIV subtype distribution in this study correlated with previous findings, with the co-circulation of several HIV-1 subtypes and recombinant forms, including the predominating CRF02_AG strain. 30 We identified no HIV strain known to naturally carry mutations capable of affecting the interpretation of HIVDR. 31 The WHO recommends the Stanford algorithm for the interpretation of PDR, which ensures standardization in the interpretation of results, but many other interpretation rules exist, including the ANRS rule, the REGA rule (https://rega.kuleuven.be/cev/regadb) and the International AIDS Society (IAS) DRM list (https://www.ias usa.org/content/drug-resistance-mutations-in-HIV). These rules are used in various settings for routine interpretation of HIVDR. In our report, an additional analysis performed with the ANRS rule showed concordant results for NRTI and NNRTI resistance, with only minor differences. The differences occurred mostly for Tchouwa et al.
etravirine and rilpivirine and were associated with the intermediate and high-level resistance interpretations as previously reported. 32, 33 Major differences were associated with the interpretation of resistance to PIs, mostly for atazanavir and saquinavir for which intermediate and high-level resistance, up to 29%, were found with the ANRS rule. Such large differences will significantly affect reported levels of PDR and call into question the necessity of a standard mutation list as previously developed for TDR studies. 34 A potential limitation of this study is the exclusion of a few clinics where access was not possible and that may have introduced some bias on the representativeness at the national level.
In conclusion, the national rate of PDR is high in Cameroon and potentially represents an important threat affecting the efficacy of ongoing ART programmes. This study is the first nationally representative evaluation of PDR in Cameroon and future studies will be essential to assess the evolution of HIVDR in ART initiators. In the meantime, strategies to prevent PDR should be reinforced, including efforts to prevent HIVDR in those on ART in order to reduce TDR. The high level of NNRTI-associated PDR in this study, and in many other previous reports, suggests a review of the current NNRTI backbone in the recommended first line of ART and consideration of drugs with higher genetic barrier. With the ongoing scale-up of the WHO 'treat all' approach in the region, assessing and preventing PDR should be considered a priority.
